In order to determine the integrity and safety of a structure)any fracture mechanics model requires information about the size, location and geometry of a defect, the mechanical properties of the material,and the stress field in the vicinity of the defect. The stress can be due to external forces or due to residual stresses. Current nondestructive evaluation techniques can determine the size, location and to some extent the geometry of defects. However, there are no simple methods by which mechanical properties of a material can be characterized nondestructively or the stresses in a component can be measured or analysed.
The mechanical properties of many engineering materials are derived~at least in part, from the presence of a second phase in the solid solution matrix. The presence of the second phase raises the flow stress, and to a first order,the extent of strengthening depends on the volume fraction, size and characteristics of the second phase precipiates which form during the manufacturing process. As an example, the aluminum alloy 2024 contains copper and magnesium as the major alloying elements. At room temperature, it consists of a solid solution containing 4.28 % copper and 1.35 % magnesium and the intermetallic precipitates Cu Al2 and Cu Mg Al2. The precipitates are very hard and cause the strengthening of the alloy.
Since most mechanical properties are characteristics of the bulk of the solid, ultrasonic methods seem to offer the best promising nondestructive methods for these measurements. The majority of current efforts dealing with the nondestructive characterization are directed towards measurements of the ultrason.ic velocity and/or attenuation. The use of these quantities in determining mechanical properties, however, suffers from severe limitations and difficulties, and it is only in the case of single crystals that they can be related. Attention is therefore directed towards measurements of the acoustoelastic constant(AEC) and the nonlinearity parameter, ~· The AEC, is determined from the stress dependence of the ultrasonic velocity , while the nonlinearity parameter is determined from measurements of the harmonic distortion of an initially sinusoidal wave.
Heyman et al [1] determined the AEC in steels with varying carbon content and found that the AEC decreased linearly as the amount of ferrite phase is decreased. The longitudinal ultrasonic velocity was not significantly different in these alloys but the AEC showed changes up to 20%. A similar behaviour was also found in aluminum alloys. Schneider, Chu and Salama [2] found that the AEC in the heat treatable aluminum alloys increased with the increasing amounts of second phase precipitates whereas it decreased for the work hardenable alloys. This was confirmed by Li et al [3] who investigated the heat treatable aluminum alloys 2024, 6061 and 7075. Li et al [3] measured the nonlinearity parameter in the heat treatable ~luminum alloys 2024, 6061 and 7075 and found that the nonlinearity parameter increased linearly with increasing amounts of second phase. The nonlinearity parameter also increased linearly with the AEC.
The objective of this study is then to establish a relationship between the AEC, the nonlinearity parameter and the second phase content in the heat treatable and work hardenable aluminum alloys Al-7075, Al-5086 and Al-5456. As the strength of aluminum alloys is affected by changes in the size and distribution of the precipitate particles, the effects of these changes on the nonlinearity parameter and the AEC are also examined.
EXPERIMENTAL
The specimens used in this study were made of the heat treatable aluminum alloy 7075 and the work hardenable alloys 5086-Hlll and 5456-Hlll. The nominal compositions of these alloys are shown in Table 1 . Four specimens of Al 7075 and one of each Al-5456 and Al-5086 were investigated.
The work hardenable alloys were tested in the as received condition without any further heat treatment. The Al-7075 specimens were subjected to different heat treatments in order to achieve varying amounts of second phase in them. The specimens were first solution treated at 465° C for a period of 2 1/2 hours. Specimen # 1 was then quenched at 0° C and allowed to warm slowly to room temperature. Specimen # 2 was quenched in water at 25° C. Specimen # 3 was quenched in boiling water and was then transferred to a furnace heated to 100° C and allowed to cool slowly to room temperature. Specimen #4 was solution treated at 465° C and then quenched in water at 250 C. The specimen was then allowed to age at room temperature and the nonlinearity parameter, ~, was measured as a function of aging time. Specimen # 4 was further aged at 120° C for various periods of time and the acoustoelastic constant was measured at each time.
The specimens for measuring the nonlinearity parameter were cylindrical in shape with a diameter of approximately 2.5 em and a length of about 5 em. After heat treatments the opposite faces of the specimens were made parallel to better than 5 ~· The end faces were then polished and hand lapped until they became optically flat and scratch free to be suitable for nonlinearity measurements.
The method used in the determination of the nonlinearity parameter, ~, is described in detail elsewhere [4] . It is calculated from the ratio of the amplitude of the harmonic signal, A2, to the square of the fundamental signal, A1, and using the relationship (1) where k is the wave vector and a is the length of the specimen. After the nonlinearity parameter was measured, two parallel faces were machined on the specimens to form a rectangular cross section of approximately 1.7 to 2.5 em . Each side was machined flat and opposite sides were made parallel to within 0.025 mm. The acoustoelastic constant is determined by measuring the changes in the natural sound velocity when the specimen is subjected to an external compressive stress. The pulse-echo overlap system, described in detail elsewhere [5] , is used for measuring the natural sound velocity. A 10 MHz pulsed, longitudinal waves were used so that a direct comparison can be made with the harmonic generation results.
In order to determine the volume fraction of the second phase precipitates, the specimens were polished using Alumina powder and etched with NaOH solution. Micrographs were taken and the area of the second phase was determined. The volume percentage of second phase present in the specimen was then calculated.
RESULTS AND DISCUSSION

Acoustoelastic Constant
The AEC of the work hardenable aluminum alloys, Al-5086 and Al-5456, and the heat treatable aluminum alloy Al-7075 specimens are plotted against the volume fraction of the second phase content in fig. 1 . Also included in the figure are the values of the AEC for the the alloys Al-2024, Al-6061 and Al-7075 in the as received condition reported by Li et al. [3] . From this figure, one can see that the work hardenable alloys, Al-5086 and Al-5456, do not show any significant changes in the the AEC due to changes in the volume fraction of the second phase. The change in the second phase content in the two alloys is 71% while the AEC changes by only 3.4 %. These results do not agree with the measurements of Schneider et al [2] who report that the AECs of the work hardenable aluminum alloys 5052, 3003 and 1100 increase linearly with the increase in the volume fraction of second phase up to about 8%.
The AECs of the heat treatable alloys, Al-2024, Al-6061 and Al-7075 as received, reported by Li et al are found to increase with the increasing amounts of second phase. As the second phase content is increased further the AECs are found to be insensitive to changes in the second phase content. Li et al report a change of 59 % in the AECs for a change in 14 second phase from 0.3 % to 2.9 %. The AEC of the Al-7075 alloy increases by 9 % when subjected to heat treatments which result in increased amounts of second phase. The second phase content is increased from 2.9 % to 6.3 % for specimen# 1, 7.7 %for specimen# 2 and 9.7 %for specimen# 3. The AEC of the three specimens, however, remains unchanged within the experimental error estimated for the determination of this quantity.
Salama et al [6] predicted a linear relationship between the change in the AEC and the volume fraction of second phase. In his calculations, he considered dilute solutions of rigid particles in a matrix and found that the change in the AEC is a linear function of the concentration of second phase which agree with the experimental behavior of AEC at low concentrations. As the concentration increases the dilute solution approximation becomes invalid and the AEC is no longer sensitive to changes in the volume fraction of the second phase at higher volume fractions (fig.
1) 0
The results obtained on specimen #4 for the AEC as a function of aging time are plotted in fig. 2 which shows that the AEC does not change significantly with aging time, though the average size of the precipitate particles is expected to change. It appears to indicate that the AEC is not significantly influenced by changes in the size and distribution of the second phase particles.
Aging Time (Hours) Nonlinearity Parameter Fig. 3 shows the nonlinearity parameter as a function of the volume fraction of the second phase in the aluminum alloys used in this investigation. Also included in the figure are the results of Li et al [3] obtained on the aluminum alloys 2024, 6061 and 7075 in the as received condition. From this data it is seen that the nonlinearity parameter increases with the increase of the volume fraction of the second phase and that there is a linear relationship between the nonlinearity parameter and the volume fraction. The nonlinearity parameter changes from 5.1 to 13.8 % for a change in the volume fraction from 0.3 to 9.7 %. The aluminum alloys 2024, 6061 and 7075 have different alloying elements and form different precipitates. The effects of these precipitates on the nonlinearity parameter, however, are the same for the same volume fraction inspite of the vast differences in ·their chemical compositions and properties.
The work hardenable alloys Al-5086 and Al-5456 show a different behaviour where the nonlinearity parameter decreases with the increasing concentration of second phase precipitates. Schneider et al. measured the AEC of the work hardenable aluminum alloys Al-1100, Al-3003 and Al-5052 and found that it increased with the increase in the volume fraction of second phase. The AEC and the nonlinearity parameter are both functions of the second and third order elastic constants, however, one can see that they are affected differently by the presence of second phase. Fig. 4 shows the nonlinearity parameter as a function of aging time. Again no significant change in ~ is observed on aging up to 237 hours. This shows that ~ is insensitive to changes in the precipitate size and depends only on the volume fraction of second phase. 
